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群落的 DNA 以及 454 测序实现的，总共测序量 218MB。转录组是提取大西洋
Cadiz 海湾泥火山样品的厌氧甲烷氧化富集微生物群落的 mRNA， 以及 Illumina
测序实现的，共得到 2.3G 的数据。宏基因组研究发现古菌主要由 ANME-2a 和
MBGD 组成，此外还有少量的甲烷产生菌，ANME-2a 占到了 82%，是绝对的主
要古菌微生物类群。无论是来源于 16S rRNA 基因克隆文库的细菌多样性，还是
来源于宏基因组的 16S rRNA数据，都得到了丰富的细菌类群，说明参与厌氧甲
烷 氧 化 过 程 细 菌 的 多 样 性 和 复 杂 性 。 主 要 的 细 菌 类 群 是









显示，甲基氧化关键酶 mxaF 的表达，推测大西洋 Cadiz 海湾泥火山样品甲烷氧
化富集微生物群落中 Gammaproteobacteria 细菌的作用是参与甲烷氧化所产生的
甲基的氧化过程。在对甲烷产生途径关键酶的进化分析中发现，甲烷氧化菌的起




















珠江口古菌的 16S rRNA 多样性。结果显示，古菌主要组成部分是不可培养的，
以往在沉积物中发现的C3， MBGB， MGI， MCG， TMEG， MBGD， ANME-1， 
ANME-2 and VALIII 古菌类群，在珠江口沉积物中是有活性，其 RNA 是表达的。
负责甲烷氧化的古菌是 ANME-1，ANME-2，但是即使在 SMTZ 区域，含量都少

































In this study, metagenomics and metatranscriptomics were used to study anaerobic 
methane oxidizing enrichment samples in order to investigate metabolic pathway 
related to anaerobic methane oxidization and sulfate reduction and verify the roles of 
related microbe in the process of anaerobic oxidization of methane. Meanwhile, the 
active archaeal communities in the sediment core were investigated, and changes in 
archaeal diversity and community composition were documented based on 
RNA-based community survey. 
   The results of metagenomics and metatranscriptomics of anaerobic methane 
oxidizing enrichment samples showed that major archaeal group was ANME-2a and 
MBGD. ANME-2a was predominant archaeal group representing 82% in archaeal 
16S rRNA gene sequences from metagenomics data. The diversity of bacteria in 
enrichment samples was abundant and complicated. The Gammaproteobacteria 
represented 56% and 42% respectively in the metagenomics data and 16S rRNA gene 
cloning library. The results of metatranscriptomic showed that proteins related to 
methanogen and sulfate reducer were expressed highly. 
   The available data from metagenomics and metatranscriptomics of anaerobic 
methane oxidizing enrichment samples showed that ANME-2a were responsible for 
anaerobic oxidization of methane and contained all steps in the canonical seven-step 
methanogenic pathway in which the ANME-1 lacked step 5 encoded by mer.. The 
entire sulfate reducing pathway also was found which never be reported from 
anaerobic methane oxidizing consortia. Phylogenetic analysis based on four core 
proteins of methanogenesis pathway and 16S rRNA gene placed ANME-2 and 
ANME-3 into Methanosarcinales and ANME-1 as new group. The results strongly 
surpported anaerobic methane oxidizing pathway evolved from methanogenesis 
pathway.  
The retrieved Pearl River Estuary crenarchaeal sequences could be classified into 
MCG, MGI, marine benthic group B (MBGB) and C3. The euryarchaeal sequences in 















Methanomicrobiales, Halobacteriales, Methanosarcinales, ANME-2a, ANME-1, 
TMEG, and MBGD. ANME-2a and ANME-1 were responsible for anaerobic methane 
oxidization in Pearl River Estuary sediments. 
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海洋中静水压力因水深而异，水深每增加 10 米，静水压力递增 1 个标准大
气压。海洋 深处的静水压力可超过 1000 大气压。深海水域是一个广阔的生态















































的作用和影响。在 1990 年，微生物分类学家 Woese 通过对核酸结构和序列的同
源性比较，提出了自然界的三界进化系统:古生菌域 (Archaeadomain)、细菌域 
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